Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by the presence Philadelphia chromosome (Ph) which was created by a reciprocal translocation between chromosomes 9 and 22 (t [9;22] (13) females with male to female ratio 1.3:1, FISH results for patients (pre and post) treatment mean±SD were(58.7%±26.2 % and 45.7%±29.9%) obviously significant with good cytogenetic response in resistance CML for Imatinib. Sodium levels in mmol/L pre, post treatment and control mean±SD were (139.2±6.9 , 142.4±9.2 and 140.4±2.52) respectively, with no significant difference between each other with P value > 0.05 in all comparisons. Potassium levels mean±SD in mmol/L results for patients (pre, post) and control were (4.6±0.69, 4.3±0.68 and 4.46±0.76) respectively, with no significant difference between each other with P value > 0.05 in all comparisons. Calcium levels in mg/dL results for patients (pre, post) and control as mean±SD were (8.68 ±1.68, 8.1±1.72 and 9.12±0.38) respectively with no significant differences except between post treatment and control group with P value > 0.05 in all comparisons. Phosphate levels in mg/dL results for patients (pre, post) and control as mean±SD were (2.5±0.84, 2.95±1.04 and 3.4±0.49) respectively with significant difference with P value < 0.05 in all comparisons. Magnesium levels in mg/dL results for patients pre, post and control as mean±SD were (1.93±0.34, 2.06±0.44 and 2.1±0.34) respectively with no significant difference between each other with P value > 0.05 in all comparisons. This study sheds a light on the molecular cytogenetic response for CML patients who have already resistance to Imatinib and Nilotinib that has much more potent effect as approved by studies and this study has used FISH technique. This study emphasizes on the importance of evaluation of electrolyte panel for CML patients before starting Nilotinib study taking in to consideration if these patients are
Abstract:
Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by the presence Philadelphia chromosome (Ph) which was created by a reciprocal translocation between chromosomes 9 and 22 (t [9;22] [q34;q11]. The approval of the 2 nd generation TKI ( Nilotinib) takes the treatment of CML patients into new erea with more efficiency and mild to moderate adverse effects. This study was aimed at evaluation of molecular cytogenetic response by (FISH) for Nilotinib in Iraqi patients with assessment for electrolytes disturbances of Nilotinb by measuring a panel of electrolyte (Na + , K + , Ca ++ , PO 4 ---and Mg ++ ) , where thirty Iraqi patients with CML who have resistance or no response to Imatinib treatment, attending to Baghdad Teaching Hospital/Hematology Department, have been submitted to this study. Blood samples have been taken pre and post starting treatment with Nilotinib, FISH study was done only for CML patients, while 30 normal healthy control volunteers submitted to the same panel of electrolytes measurements (Na + , K + , Ca ++ , PO 4 ---and Mg ++ ) in addition to pre and post treatment Nilotinib patients. The results show out of 30 patients (17) males and (13) females with male to female ratio 1.3:1, FISH results for patients (pre and post) treatment mean±SD were(58.7%±26.2 % and 45.7%±29.9%) obviously significant with good cytogenetic response in resistance CML for Imatinib. Sodium levels in mmol/L pre, post treatment and control mean±SD were (139.2±6.9 , 142.4±9.2 and 140.4±2.52) respectively, with no significant difference between each other with P value > 0.05 in all comparisons. Potassium levels mean±SD in mmol/L results for patients (pre, post) and control were (4.6±0.69, 4.3±0.68 and 4.46±0.76) respectively, with no significant difference between each other with P value > 0.05 in all comparisons. Calcium levels in mg/dL results for patients (pre, post) and control as mean±SD were (8.68 ±1.68, 8.1±1.72 and 9.12±0.38) respectively with no significant differences except between post treatment and control group with P value > 0.05 in all comparisons. Phosphate levels in mg/dL results for patients (pre, post) and control as mean±SD were (2.5±0.84, 2.95±1.04 and 3.4±0.49) respectively with significant difference with P value < 0.05 in all comparisons. Magnesium levels in mg/dL results for patients pre, post and control as mean±SD were (1.93±0.34, 2.06±0.44 and 2.1±0.34) respectively with no significant difference between each other with P value > 0.05 in all comparisons. This study sheds a light on the molecular cytogenetic response for CML patients who have already resistance to Imatinib and Nilotinib that has much more potent effect as approved by studies and this study has used FISH technique. This study emphasizes on the importance of evaluation of electrolyte panel for CML patients before starting Nilotinib study taking in to consideration if these patients are CML normally progresses through three clinically recognized phases about 90% of patients are diagnosed during the typically indolent chronic phase (CP), which is followed by an accelerated phase (AP) and a terminal blastic phase (BP), 20-25% of patients progress directly from CP to BP and the time course for progression can be extremely varied [4] . In all patients with chronic phase CML, the disease has the potential to evolve into a more aggressive, more symptomatic, and troublesome phase, which is poorly responsive to the therapy that formerly controlled the chronic phase. The failure of therapy to restore or maintain near-normal red cell and white cell counts, increased spleen size, increased numbers of marrow blasts and blood basophils, loss of the sense of well-being, and appearance of extramedullary tumors are the most consistent clinical hallmarks of the metamorphosis of the chronic to the accelerated phase of CML [5, 6] .
Fluorescence in situ hybridization (FISH):-is a rapid diagnostic test using molecular cytogenetic techniques. The FISH technique supplements conventional cytogenetic and in some cases provides additional information, which is not detected by karyotyping. A large number of cells can be studied by FISH, since interphase nuclei can also be analyzed [7] . FISH technique performed on interphase cells from both peripheral blood (PB) and bone marrow [8] . This helps in the detection of minimal residual disease, assessment of the rate of cytogenetic remission and detection of disease recurrence [9] . FISH detects BCR-ABL in about 95% of CML cases. It is the most sensitive test for diagnosis because it detects the approximately 5% of cases with "masked" translocations that are missed by cytogenetics [10] , and it also detects rare cases with variant breakpoints falling outside the regions covered by PCR primers FISH has several advantages over cytogenetic. The specificity of the newer split signal assay is high. Also, unlike cytogenetic, which requires dividing metaphase cells, FISH can be performed on interphase nuclei in peripheral blood. It therefore may bypass the requirement for a bone marrow specimen. However, the percentage of BCR-ABL positive nuclei determined by FISH using peripheral blood specimens seems to be lower than that using bone marrow.
[11] The first tyrosine kinase inhibitor for CML, imatinib mesylate was a major breakthrough in CML treatment, After 6 years of treatment, the overall survival (OS) was 88% [12] . Resistance to imatinib occurs annually in 3% to 4% of patients with CML in chronic phase (CML-CP), and is defined as failure to achieve complete hematologic response (CHR) within 3 months of therapy, any cytogenetic response within 6 months, or major cytogenetic response (Ph + ≤ 35%) within 12 months, or the development of cytogenetic or hematologic relapse [13] . Resistance can be mediated through BCR-ABL-dependent mechanisms, often through mutations in the ABL kinase domain (40%-50%), or by mechanisms independent of BCR-ABL [14] . Nilotinib (Tasigna ®) a second generation TKI derived from imatinib, is a selective Abl 
Result:
The data obtained from the CML patients before starting treatment with Nilotinib where all of them have no response to Glivec or develop resistance to glivec these results for (Ca, Na, K, Mg and PO 4 in addition to FISH study results) compared once with control healthy group and another time compared with the results of the same patients after starting the treatment with Nilotinib. Table ( 2) The tabel shows the mean,SD,median, and P value for (Ca,Na,K,Mg,PO 4 )befor treatment compared with healthy control group. Table ( 3) The tabel shows the mean,SD,median, and P value for(Ca,Na,K,Mg,PO 4 ) after treatment compared with healthy control group. above (2,3,4,5 and 6) Phosphate results for pre, post and control groups shows significant difference in phosphate levels for all comparisons where there was significant decrease of phosphate levels for both pre and post treatment groups in comparison with control group, there was also significant difference between pre and post treatment group where the last one shows higher levels which can be attributed to previous effect of Glivec at these patients because Imatinib has more adverse effect on phosphate and calcium because it had been observed to cause hypophosphatemia and hypocalcemia due to altered bone and mineral metabolism. [22, 23, 24, 25] These results for phosphate level also agree with ENEST trial study (2012) [26] and with Hughes TP, et al.(2012) study showed that the number was more than of patients who have hypophosphatemia in Imatinib group which is opposite to pretreatment group in this study in comparison with patients receiving Nilotinib which agrees with our results. Regarding Calcium there was no significant difference in all comparison except for that between post treatment group and control , agreed with Tasigan prescribing information by (Novartis ) that was in two different studies 321 CML patients who were enrolled in one study and 137 CML patients who were in another study whose percent of hypocalcemia was 2 and 5 % respectively [26] .
Conclusion:
This study sheds a light on the molecular cytogenetic response for CML patients who have already resistance to Imatinib and Nilotinib that has much more potent effect as approved by studies and this study has used FISH technique. This study emphasizes on the importance of evaluation of electrolyte panel for CML patients before starting Nilotinib study taking in to consideration if these patients are already receiving Imatinib which can also affect bone metabolism and calcium and phosphate levels. 
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